Hyperosmolarity induced by high glucose promotes senescence in human glomerular mesangial cells.
Hyperglycemia is involved in the diabetic complication of different organs and can elevate serum osmolarity. Here, we tested whether hyperosmolarity promoted by high glucose levels induces cellular senescence in renal cells. We treated Wistar rats with streptozotocin to induce diabetes or with consecutive daily injections of mannitol to increase serum osmolarity and analyzed p53 and p16 genes in renal cortex by immunohistochemistry. Both diabetic and mannitol treated rats showed a significant increase in serum osmolarity, without significant signs of renal dysfunction, but associated with increased staining for p53 and p16 in the renal cortex. An increase in p53 and p16 expression was also found in renal cortex slices and glomeruli isolated from healthy rats, which were later treated with 30 mM glucose or mannitol. Intracellular mechanisms involved were analyzed in cultured human glomerular mesangial cells treated with 30 mM glucose or mannitol. After treatments, cells showed increased p53, p21 and p16 expression and elevated senescence-associated β-galactosidase activity. Senescence was prevented when myo-inositol was added before treatment. High glucose or mannitol induced constitutive activation of Ras and ERK pathways which, in turn, were activated by oxidative stress. In summary, hyperosmolarity induced renal senescence, particularly in glomerular mesangial cells, increasing oxidative stress, which constitutively activated Ras-ERK 1/2 pathway. Cellular senescence could contribute to the organ dysfunction associated with diabetes.